Abstract-The fast pace of development of telecommunications technology and the challenges presented with the increasing number of users for any service, anywhere, anytime, access creates new problems with on the base stations capability and the handover/handoff (HO) techniques. To face these challenges much research have been made to come out with algorithms that can handle handover of user equipment (UE) while maintaining their respective quality of service (QoS). In this paper a hybrid HO algorithms called semi-soft handover (SSHO) and fractional soft handover (FSHO) in long term evolution (LTE) system are studied. The outage probability, the main metric to evaluate handover, is compared for different handover techniques.
I. INTRODUCTION
Long Term Evolution (LTE) refers to the Third Generation Partnership Project (3GPP) new high performance air interface. The aim of 3GPP is to meet the needs for fast data transport media as well as support higher voice capacity. The requirements of the next generation networks is targeted by LTE within peak of more than 100Mbps for downlink, 50Mbps for uplink rates and less than 10ms for Radio Access Network (RAN) round-trip time. LTE supports flexible bandwidth from 1.4MHz up to 20MHz also both of Frequency Division Duplex (FDD) and Time Division Duplex (TDD) as well [1] . LTE is considered as the evolution of Universal Mobile Telephone System (UMTS), hence LTE's equivalent components are thus named Evolved UMTS Terrestrial Radio Access (E-UTRA) and Evolved UMTS Terrestrial Radio Access Network (E-UTRAN).All these formal terms are used to describe RAN which stands between mobile station (MS), terminal equipment, UE from one side and the core network(CN) on the other side. Prior to LTE, people are able to send e-mails or browse the internet using High Speed Packet Access (HSPA) with HSPA modems instead of DSL modems. Using LTE, the optimum usage of these techniques can be performed. The user applications is enhanced much more such as mobile video, interactive TV and advanced games.
Based on several parameters, handover decision shall take place, such as signal to interference ratio, signal strength, distance to BS, velocity, etc. In the cellular radio systems, BS is assigned channel group that involves different channels from neighboring cells, which make handover critical [2] . Handover mechanism in LTE system and the Wideband Code Division Multiple Access/ High-Speed Packet Access (WCDMA/HSPA) are different, belongs to the third generations (3G) family, the processes of controlling and drift do not exist. Alternatively the HO is done by relocations of evolved Node B (eNodeB). Handover in LTE take several stages of improvement for different cases to get the optimum handover mechanism that can handle the smooth handover on cell boundaries.
In this paper, the techniques and algorithms that are applied in enhancing the HO operation in LTE networks are presented. We compare the performance of some proposed HO mechanisms to fulfill the handover requirements. The rest of the paper is organised as follows: Section II gives an overview of the LTE network architecture. Section III compares and interprets the improvements of HO mechanisms. In Section IV and V, simulation results and conclusions are presented respectively.
II. LTE NETWORK ARCHITECTURE
System Architecture Evolved (SAE) which is indicated in overall LTE system architecture includes the Core Network (CN) functionalities. As shown in figure 1, a new network entity of BS called evolved Node Bs (eNBs) are connected to the core directly via the S1 interface. There is no radio network controller any more as in WCDMA so we have very lean network architecture in LTE or SAE. The BSs are also interconnected with each other via the X2 interface which is used to prepare HO situation and forward packet during HO [3] . The eNodeB consists of Evolved UMTS Terrestrial Radio Access Network (E-UTRAN) and Radio Access Network (RAN) which means that there are many functionalities concentrated inside the eNodeB [3] . 
III. Fractional and Semi-Soft Handover
In mobile communications, handover is a key parameter to maintain the QoS of seamless and reliable multimedia services [4] . In [5] , there are two techniques of handover for OFDM systems; first is the hard handover (HHO) which is known as break-before-make; next is the soft handover (SHO) known as make-before-break. However, it is difficult to preserve the QoS requirements in the HHO technique due to the delay that occurs during BS migration. On the other hand, using SHO technique leads to an increase in the number of MS that are served by each BS. Consequently, increasing the radio resources occupancy due to its double transmission leads to resource wastage [6] . Semi-Soft handover (SSHO) has overcome the drawbacks of both hard and soft HO. In this paper, we investigate the SSHO technique and perform the comparison between HO techniques in terms of outage probability and normalized distance.
A. Hard Handover
In LTE system, only Hard Handover (HHO) is available. The HHO mechanism based on Reference Signal Received Power (RSRP) measurements has been specified for LTE [7] . Filtering of measured RSRP samples, handover hysteresis margin (HOM) and time-to-trigger handover (TTT) mechanisms are provided in LTE to support accurate HO decisions and to avoid frequent handovers [8] . However, the hard handover has its defects; the outage probability is high, as shown in Fig. 4 , and the handover procedure may be unreliable [9] .
On the other hand, soft handover involves some complexity on both sides network and terminal. As one of the goals of LTE is reduced complexity, LTE does not support SHO. The SHO was introduced in UMTS to improve the performance, especially for cell edge users. On the other hand, SHO has some disadvantages i.e; serving the MS by two BSs simultaneously which leads to waste of radio resources. Hence, hybrid handover technique from both hard and soft will be the optimum design.
B. Semi-Soft Handover Scheme
In this technique, the handover utilizes site selection diversity technique (SSDT) by applying zero padding to overcome the drawbacks of both techniques of hard and soft handover. Numerical analysis was presented in [6] to measure the HO gain and to assure the superiority of the SSHO technique over the downlink of OFDM-based broadband systems.
Semi-Soft Handover Procedure
In the soft handover scheme, simultaneously receiving data from different base stations requires having same number of physical (PHY) modules in the receiver and active base stations due to IFFT and FFT pair operation. In [10] , it was presented that two PHY modules are utilized to receive data from two active base stations for the SHO. In addition, in the Third-Generation Partnership Project Long-Term Evolution (3GPP LTE), to simultaneously receive several OFDM signals from base stations, the receiver shall be equipped with multiple PHY modules, as shown in [11] , [12] . Hence, it is necessary to use multiple PHY modules to realize macroscopic diversity, at the cost of implementation complexity. In contrast, by applying SSDT it only allows receiving information from a selected BS instead of receiving them from multiple BSs.
In [6] , SSDT technique called semisoft handover is proposed for multicarrier systems. It uses FFT module to receive control signals from several BSs simultaneously, and the total bandwidth is divided into data and control bands. Figure 3(a) shows two partitions for bandwidth, first partition is user data with one frequency factor, and the second is for HO with a frequency reuse factor (FRF) of seven. The control band is partitioned into several sub-bands, and each BS is allocated one of the sub-bands. This is performed by employing the frequency reuse concept in cellular networks. The control band includes the parameters that are required to search for cell and HO. Hence, an MS can simultaneously receive information from the neighboring BSs and select a BS with strongest pilot strength in real time via SSDT. Figure 3(b) shows the control channels with multiple access schemes. From Figure 3(b), BS1, BS2 , and BS3 are the home BSs of MS1, MS2, and MS3, respectively. Each MS will receive control channels from three BSs using zero paddings. On the other hand, it receives a data channel from the corresponding home BS. The control channel is relatively more important than the data channel, by using band division and zero padding the influence of inter-cell interference (ICI) could be eliminated. By applying this scheme, each MS can obtain SSDT using a PHY module that results in hardware complexity reduction.
For the SSHO, each MS in HO region keeps multiple control signals of the BSs. On the other hand, the signal of user data is selectively received from a BS which holds the largest pilot signal [6] .
C. A Fractional Soft Handover Scheme
In this scheme, the main idea is to partially perform soft handover for VoIP, but non-VoIP service is only transmitted from source eNodeB or target eNodeB. There are two phases to complete the FSHO. First, UE needs to measure the pilot signal strength periodically. Second, it needs to perform the random access procedure to establish the Radio Resources Control (RRC) connection with the target eNodeB. The proposed message flow diagram for LTE-Advanced handover procedure is shown in figure 4 . It depicts both the flow of the user plane packets (dashed lines) and the control plane messages (solid lines). In the first phase, handover preparation, UE sends the measurement report to the source eNodeB. In order to sufficiently support the FSHO procedure and fully utilize characters of the carrier aggregation, the measurement report should include signal quality of each component carrier of neighbor eNodeBs [13] . Carrier aggregation is popular in LTE-advanced system to get the wider bandwidth than 20MHz [14] , [15] and [16] . Due to the support of carrier aggregation, UE can measure the pilot signal strength of each component carrier of neighboring eNodeBs using the different FFT modules. The source eNodeB selects an appropriate target eNodeB and a target component carrier according to the measurement report, the carrier load and so on. Then, the source eNodeB sent the HO request message to require the preparation of a FSHO at the target eNodeB. The target eNodeB checks whether the selected target component carrier can be used as the FSHO carrier. If it can accommodate UE using the selected FSHO carrier, the target eNodeB shall send an ACK to the source eNodeB. Otherwise, it shall send the NACK to the source eNodeB. Optionally, the target eNodeB may recommend a new component carrier to the source eNodeB. If the FSHO carrier is acknowledged by the target eNodeB, the source eNodeB sends the FSHO command to UE. Meanwhile, the source eNodeB schedules the data transmission on the FSHO carrier to the other component carriers so that QoS of the current service is not degraded. When receiving the FSHO command, the UE starts to establish the RRC connection with the target eNodeB using the FSHO carrier.
The UE shall perform the random access procedure in RACH of the FSHO carrier. When the random access procedure with the target eNodeB is successfully completed, UE shall send the "RRC establishing completion" message to the source eNodeB and the target eNodeB. Following, receiving the "RRC establishing completion" message, the target eNodeB (or the source eNodeB) shall send the bicasting request message to S-GW and require the S-GW to bicast the VoIP packets to the source eNodeB and target eNodeB. Finally the target eNodeB and source eNodeB can simultaneously transmit VoIP packets to UE.
Meanwhile, non-VoIP packets are only transmitted to UE from the eNodeB with better signal quality. In this procedure, the source eNodeB shall forward non-VoIP packets to the target eNodeB. In addition, when the signal quality of source eNodeB is below a predefine threshold, the source eNodeB sends a "full handover request" message to the target eNodeB. The target eNodeB sends the ACK to the source eNodeB and the target eNodeB sends the path switch command to S-GW. After receiving the full handover ACK message, the source eNodeB sends the "full handover indicator" to UE. Finally, the UE is fully served by the target eNodeB and the entire FSHO procedure is completed [13] . 
IV. SIMULATION RESULTS
The handover outage probability is defined as the probability that Signal to Interference Noise Ratio (SINR) is less than a specified threshold. In other words it is a function of the number of handover and non handover users. In general the outage probability can be expressed as below:
where:
P , Outage probability at x with respect to the i th BS. The subscript S represents the "space" to the value of the handover outage. More specific formulas of outage probability have been derived in [6, 13] .
Normalized distance ranges from 0 to 1, where the area of cell is a circle divided by π, as shown in figure 5 below where A cell center, B halfway point and C cell boundary. Figure 6 shows the outage probability and normalized distance for SSHO which is much better than the hard and soft handover using SSDT. The parameters are set to Rb/BWs = 32768 b/s/Hz (Nsc =2048,m = 16) for a high data rate. Where Rb user bit rate, BWs Bandwidth of a subcarrier, Nsc Total number of subcarriers (in square meters) [6] . Figure 6 . Outage probability vs. normalized distance for high data rate [6] . Figure 7 shows that the outage probability of FSHO is smaller than the hard and soft HO. The main reason is that FSHO can reduce Resource Blocks (RBs). Resource blocks are groups of transport carriers (e.g. sub-carriers) or intervals that are assigned to transport data. A resource block for UMTS LTE is 12 sub-carriers when the sub-carrier bandwidth is 15 kHz or 24 sub-carriers when the sub-carrier bandwidth is 7.5 kHz [17] . In addition QoS of VOIP can be maintained by using FSHO scheme. Handover outage probability of FSHO scheme [13] .
In both techniques, the interacell interference is neglected due to the assumption that it does not affect the system performance. In the SSHO technique, the system is based on OFDM where each MS uses the same number of multiple subcarriers. Hence, the outage probability can be considered by extending the outage probability per subcarrier. Other simulation parameters used are the same as in [18] with urban Figure 8 shows the comparison of both techniques where each HO technique has different values of outage probability. We clearly observe that SSDT with SSHO outperforms carrier aggregation for FSHO in term of HO outage probability. The SSHO has maximum outage probability of 0.053 compared to 0.108 for FSHO at cell boundary, where at same point; SSHO outage probability is smaller than other types of HO (i.e. soft and hard) due to lower total number of subcarriers and more rapid HO decision. As shown in figure 8, in SSDT technology below 0.7 normalized distance the outage probability of HHO is larger than that of the SHO due to the need for marginal region to reduce ping-pong effect. SHO has outage probability lower than HHO despite the larger number of subcarriers due to benefit of the macroscopic diversity [6] . On the other hand, in carrier aggregation technology, below 0.7 normalized distance the outage probability of HHO is lower than SHO due to SHO needs for more RBs [13] . In addition FSHO has the service with VoIP and non-VoIP, based on carrier aggregation scheme and it is easy to implement and preserve QoS of VoIP whereas using SSDT requires receiving data from only one selected BS instead of receiving data from multiple BSs. Hence, to realize macroscopic diversity it is possible to use a PHY module which significantly reduces hardware complexity. 
V. CONCLUSION
This paper compared two main handover schemes, the semisoft and fractional handover, by using SSDT and carrier aggregation respectively. Both have overcome the drawbacks of conventional hard and soft handover for high-speed multimedia services over OFDM-based broadband networks, efficient radio resources and power consumption. The semisoft handover technique has significantly lower outage probability compare to fractional handover. In particular, the SSHO technique has advantages to reduce the cost and complexity by using SSDT. The FSHO technique is easy to implement by carrier aggregation in LTE networks. In addition FSHO preserves the QoS of VoIP service and improve spectrum efficiency hence, hybrid techniques are expected to be widely used in LTE networks. For future works, we propose Fragment Soft handover at the cells edge that some of the spectrum bands cannot reach due to different properties of propagation. In order to utilize these spectrums by users, fragment technique has the ability to aggregate the spectrum bands.
